We present high signal-to-noise ratio images of the Sunyaev-Zeldovich effect toward the clusters CL 0016ϩ16 and Abell 773. A null result is reported for Abell 1704. The data were obtained with the millimeter array of the Owens Valley Radio Observatory outfitted with 30 GHz receivers. Isothermal models for the cluster gas with core radii spanning 20Љ-100Љ were fitted to the visibility data. The results suggest the central decrement ⌬T 0 lies within the range Ϫ700 to Ϫ820 K for CL 0016ϩ16 and Ϫ575 to Ϫ760 K for Abell 773, corresponding to Compton y-values of 1.3-1.5 ϫ 10 Ϫ4 and 1.1-1.4 ϫ 10 Ϫ4 , respectively. A comparison of the image of the Sunyaev-Zeldovich effect toward CL 0016ϩ16 with a ROSAT image of the X-ray emission shows good correspondence; the positions agree within the uncertainties, and both images show resolved structure elongated at a position angle of 150Њ. Using the core radius and ellipticity derived from the X-ray data to constrain the model parameters resulted in a decrement for CL 0016ϩ16 of ⌬T 0 ϭ Ϫ717 H 65 K.
INTRODUCTION
Observations of the Sunyaev-Zeldovich (S-Z) effect have been attempted since the effect was first predicted 25 years ago (Sunyaev & Zeldovich 1970 , 1972 . The effect is a spectral distortion of the 3 K cosmic microwave background radiation resulting from inverse-Compton scattering of the microwave photons as they pass through the hot X-ray-emitting gas in the extended atmospheres of clusters of galaxies. The spectral distortion appears as a temperature decrement at frequencies below 218 GHz (Ͼ1.4 mm) and an increment at higher frequencies (see review by Sunyaev & Zeldovich 1980) . Although the magnitude of the effect is small (Յ1 mK at radio wavelengths), its promise of providing an independent estimate of the Hubble constant and of the peculiar motions of distant clusters of galaxies has continued to motivate increasingly sensitive observations. The first observations of the effect were made in the radio regime with single-dish telescopes. The reported results show considerable differences, reflecting the difficulty of the measurement (see review by Birkinshaw 1991 and references therein). These observations illustrated the need for telescopes and receiver systems designed explicitly to minimize differential atmospheric emission and ground pickup (see also Myers et al. 1996) . More recently, using drift scans with a bolometric array receiver on a single-dish telescope to minimize systematic effects, Wilbanks et al. (1994) reported a detection at 2.2 mm.
Interferometric observations offer several advantages over those made with single dishes for detecting and imaging weak emission. An interferometer measures only the correlated signal received by separate telescopes. Furthermore, the correlations are performed after compensation for the changing differential delays introduced as the array telescopes track the celestial source. This synchronous detection ensures that a well-designed interferometer will not suffer from the systematic effects associated with atmospheric and ground emission that are so difficult to determine and control in single-dish observations. A further advantage of interferometry, especially for relatively low frequency observations, is the ability to image and then remove emission from point sources that otherwise contaminate the S-Z effect. Last, interferometry provides a two-dimensional image of the emission.
However, using interferometry for cosmic background observations has its difficulties. The existing interferometric arrays were designed to obtain high-resolution images, typically of order 1Љ. The large diameter, D, of the telescopes used to provide sensitivity to emission from such small scales limits the angular size scales that can be imaged; structures with angular scales larger than roughly /3D are suppressed. Since the angular temperature profile of the S-Z effect is expected to vary smoothly with a characteristic scale of about 1Ј even for distant clusters, these arrays are not suitable for imaging the effect. This problem is further aggravated by the fact that one wants to observe the effect at wavelengths shorter than 11 cm to minimize contamination from nonthermal emission from point sources.
The eight 13 m antennas of the East-West Ryle Telescope were upgraded for observations of the S-Z effect at 15 GHz (Jones 1990) , and a few clusters have been imaged Grainge et al. 1993) . At 15 GHz (2 cm) one still expects substantial emission from radio point sources. Although these contaminating sources are imaged with data from the longer baselines of the array and then subtracted from the visibility data, this adds noise. Also, man-made interference limits the available bandwidth and thus the sensitivity of the observations at 15 GHz. Observing at higher frequencies greatly reduces both of these problems.
In this Letter we present images of the S-Z effect obtained with the millimeter-wave array of the Owens Valley Radio Observatory (OVRO) outfitted with centimeter-wave receivers. Using an array designed for millimeter wavelengths at centimeter wavelengths is ideal for imaging the S-Z effect and alleviates most of the problems discussed above. Additionally, the two-dimensional layout of the array makes it possible to obtain good u, v coverage and high brightness sensitivity, even for equatorial sources.
OBSERVATIONS
Low-noise receivers utilizing cooled HEMT amplifiers that operate from 26 to 36 GHz were built and mounted at the Cassegrain focus of each of the 10.4 m telescopes of the Owens Valley millimeter array specifically to image the S-Z effect. The telescopes operating at 28.7 GHz provide a 4Ј FWHM primary beam. The resulting 1.0 k minimum baseline allows imaging angular scales as large as 1#7, although in practice angular scales only less than about 1#4 are imaged well. At these frequencies the surface accuracy is better than /100, and the pointing accuracy is better than 1/50 of the primary beam.
The observations were obtained with five elements of the array during the period 1994 June 16 -July 9. The system temperatures at zenith ranged from 60 K to 100 K with a mean of 75 K. Following the HEMT amplifier and bandpass filter, a cooled mixer driven by a phase-locked YIG oscillator provides the IF, which is then supplied to the 1-2 GHz bandpass of the standard OVRO back end. The cross-correlations were performed with a 1 GHz wide bandwidth analog correlator for which there is an added level of fast 180Њ phase-switching to reduce any offsets. Details of the correlator and phaseswitching are given in Padin (1995) .
The fluxes of the quasars used as gain calibrators (amplitude and phase) were determined relative to Mars. The brightness temperature of Mars for each observation was estimated using a thermal-radiative model that has an estimated uncertainty of 4% when uncertainties in the values of the electrical properties of the surface of Mars are included (Rudy 1987) . This 4% dominated the uncertainty in the derived fluxes of the calibrators. The gain calibrator for CL 0016ϩ16 was 0007ϩ171, and its flux was determined to be 0.63 H 0.03 Jy. For Abell 773, 0917ϩ449 was used, and its flux was 1.92 H 0.08 Jy. For Abell 1704, 1311ϩ678 was used, and its flux was 0.17 H 0.01 Jy. The uncertainties quoted for the calibrators are those for the absolute flux of Mars added in quadrature with those for one calibration relative to Mars. There was no evidence for time variation in the flux of these gain calibrators reflected in the derived gain of the interferometer or in the daily comparison of quasar and planet observations. The absolute flux scales for the cluster observations presented here are therefore accurate to 6% or better.
The data were obtained from three different configurations of the five-element array, providing projected baselines ranging from the 10.4 m shadowing limit to 75 m. The MMA software package (Scoville et al. 1993 ) was used to calibrate the visibility data and then write it in FITS format. The image processing was done using DIFMAP (Shepherd, Pearson, & Taylor 1994) . The DIFMAP package allows easy inspection and flagging of data. Flagging large fractions (up to 50%) of data only increased the noise level and did not significantly change the results, demonstrating that the data quality is high and the results are robust.
False correlations were detected only on baselines for which one of the telescopes shadowed the other. We omitted all data from baselines that included a telescope that was within 10 cm of being shadowed by any telescope within the array.
RESULTS
Three clusters were targeted for observations: CL 0016ϩ16, Abell 773, and Abell 1704. Their selection was based on a combination of strong X-ray emission, small angular size, previously reported S-Z decrements, and position. Abell 773 and Abell 1704 are at similar distances, z ϭ 0.197 and 0.2200, respectively, while CL 0016ϩ16 is much more distant at z ϭ 0.541 (Elvis et al. 1992; Huchra et al. 1990; Stocke et al. 1991) . The S-Z effect toward CL 0016ϩ16 is believed to be strong (Uson 1987; Birkinshaw 1991) . The array is well suited to observations of CL 0016ϩ16 since it allows reasonable u, v coverage at declination 16Њ, and the 11Ј synthesized beam is better matched to more distant clusters. The S-Z effect toward Abell 773 was observed with the Ryle telescope with a resulting signal-to-noise ratio (S/N) of 15 (Grainge et al. 1993) . We observed it to test our system and to provide a confirmation of their 15 GHz interferometric result. Searches for the S-Z effect toward Abell 1704 have been made by Birkinshaw and collaborators; there has not been a significant detection (see Birkinshaw 1991) . We now present our imaging results for each cluster.
CL 0016ϩ16
The distant cluster CL 0016ϩ16 was observed with three configurations of the array for a combined total of 13 transits. A decrement and the associated sidelobes were clearly detected in an image made with no taper applied to the u, v data, even though the beam 3 was rather small, 49"5 ϫ 27"7. To search for point sources that may contaminate the S-Z effect, we made images with no taper applied to the u, v data and with a 2 k inner u, v cutoff to decrease the sensitivity to the S-Z effect. The resulting images have a 41"8 ϫ 21"4 beam and a rms of 98 Jy beam Ϫ1 . No point sources were detected. A survey of point sources toward the cluster was made with the VLA at 1.4, 4.9, and 14.9 GHz by Moffet & Birkinshaw (1989, hereafter MB) . They found 24 sources, although only one (source 14) lies within the half-power response of our primary beam. This source was only 2.7 mJy at 1.4 GHz and undetected (Ͻ3 mJy) at 4.9 and 14.9 GHz. It is unlikely to be a source of contamination at 28.7 GHz; at the location of this source, the flux level in our 41"8 ϫ 21"4 resolution image is 180 Jy, consistent with the noise level (1.8 ).
For an additional 11 transits, we interleaved observations of five positions toward CL 0016ϩ16: the central position and fields offset by 1#5 to the north, east, west, and south. The rms noise in these images is 250 Jy. We detected only one (source 15) of the MB sources in this extended area. This source appears in our southern field as a 1.2 mJy peak located 4#14 south of the field center. According to our holographic measurements of the beam patterns, the source should be attenuated by approximately 15 dB, indicating its true flux may be as high as 40 mJy at 28.7 GHz. It is not surprising that we do not detect the source in the central field, since it is located 5#64 from the beam center where the attenuation is at least 24 dB and at most azimuths 30 dB or greater. We therefore conclude that sidelobes due to this source do not contaminate the S-Z decrement observed near the field center.
For maximum sensitivity to the S-Z effect (i.e., best surface brightness sensitivity), we applied a Gaussian taper to the u, v data with a half-power radius of 1.2 k, which results in a 71"7 ϫ 65"7 beam and a rms of 90 Jy beam Ϫ1 , which corresponds to a Rayleigh-Jeans (R-J) brightness sensitivity of 28 K. The deconvolved image (CLEANed) is shown in Figure  1a (Plate L10). The ''peak'' is Ϫ1350 Jy beam Ϫ1 , which corresponds to T RJ ϭ Ϫ426 K and a S/N of 115. The flux integrated over a 4Ј ϫ 4Ј box centered on the decrement is Ϫ3.0 mJy.
The data quality allows us to make higher resolution images with sufficient S/N to check for substructure. In Figures 1b and  1c we show images made with a 2.0 k Gaussian u, v taper and with no taper. The resulting beams are 56"5 ϫ 51"2 and 49"5 ϫ 27"7, respectively. The decrement is clearly resolved. The most noticeable structure is the elongation at p.a. 150Њ.
In Figure 2 (Plate L11) we show our 56"5 ϫ 51"2 resolution S-Z image overlaid on an X-ray image taken with the ROSAT PSPC, which has a resolution of 130Љ (Hughes, Birkinshaw, & Huchra 1995) . The bright X-ray emission to the north of the cluster is from an active galactic nucleus (AGN) at z ϭ 0.554 (Margon, Downes, & Spinrad 1983) . The overall similarity of the two images is striking; the positions agree within the uncertainties, and both images show resolved structure elongated at a position angle of 150Њ. Table 1 lists the position of the ''peak'' of the S-Z effect and of the X-ray emission. While the images give an impression of the data quality, quantitative information is best obtained by directly fitting models to the visibility data.
We fitted the visibility data with a standard isothermal model for the cluster gas
where C is the gas core radius. With the typical value of 2/3 for ␤, the above expression has an analytical transform, and it is straightforward to fit the measured visibilities directly for position, central decrement ⌬T 0 , and a major and minor core radius and position angle. This functionality has been added to the DIFMAP package.
The best fit gave 4 ⌬T 0 ϭ 745 K, a core radius of 75Љ, an ellipticity of 0.1, and a position angle of 60Њ. These parameters are not well constrained by the fits, however. Acceptable fits (H1 ) were found for core radii of 30Љ-130Љ and ellipticities of 0.0 -0.4. The central decrement was found to be relatively insensitive to the core radius: for core radii spanning 30Љ-100Љ, ⌬T 0 spans Ϫ700 K to Ϫ870 K with a 50Љ core radius giving the smallest decrement. A 130Љ core radius leads to ⌬T 0 ϭ 1100 K. Hughes et al. (1995) fitted the X-ray data and derived ␤ ϭ 0.74, a 42Љ core radius with an ellipticity of 0.17 at a position angle of 51Њ. Using the X-ray-derived parameters, but with ␤ ϭ 2/3, gave an acceptable fit to our S-Z data with ⌬T 0 ϭ Ϫ717 H 65 K, which corresponds to a Compton yvalue of 1.3 ϫ 10 Ϫ4 . The uncertainty was estimated by combining the uncertainty of the absolute flux scale and the uncertainty set by the S/N in quadrature. The central decrement derived here is in good agreement with the values reported by Uson (1987) and Birkinshaw (1991) .
Abell 773
Abell 773 was observed with two configurations of the array for a combined total of nine transits. A decrement and the associated sidelobes were clearly detected in an image made with no taper applied to the u, vv data, even though the beam was rather small, 30"7 ϫ 23"0. As for CL 0016ϩ16, we made images with no taper applied to the u, v data and with a 2 k inner u, v cutoff to search for point sources. The resulting images have a 25"7 ϫ 19"3 beam and a rms of 92 Jy beam Ϫ1 . No point sources were detected.
To improve the sensitivity to the S-Z effect, we applied a Gaussian taper to the u, v data with a half-power radius of 1.7 k, resulting in a 61"9 ϫ 59"6 beam and a rms of 95 Jy beam Ϫ1 , corresponding to a R-J brightness sensitivity of 40 K. The deconvolved image is shown in Figure 3 (Plate L12). The ''peak'' is Ϫ775 Jy beam Ϫ1 , corresponding to T RJ ϭ Ϫ312 K and a S/N of 18. The flux integrated over a 4Ј ϫ 4Ј box centered on the decrement is Ϫ1.2 mJy. Table 1 The best fit to the isothermal gas model (see § 3.1) with zero ellipticity gave a core radius of 40Љ and ⌬T 0 ϭ Ϫ590 K. However, the core radius was constrained (H1 ) only from 5Љ to 120Љ. The smallest ⌬T 0 is found for a core radius of 50Љ; ⌬T 0 spans Ϫ575 K to Ϫ760 K for values of the core radius ranging from 20Љ to 100Љ, corresponding to Compton y-values of 1.1-1.4 ϫ 10 Ϫ4 . Our Compton y-value is 27% smaller than the value derived from data taken with the Ryle telescope at 15 GHz for the same core radius of 50Љ and ␤ ϭ 0.65 (Grainge et al. 1993) . Their formal measurement uncertainties are 20%, and ours are 13%; when uncertainties in determining the central decrement are included, the difference between the two measurements is not significant. In addition, source contamination may also be a factor, especially at lower observing frequencies, where emission from contaminating synchrotron sources is stronger; Grainge et al. removed a contaminating flux of 491 Jy contributed by two weak radio point sources before 
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determining their net decrement of Ϫ590 Jy beam Ϫ1 . Our higher frequency observations are much less sensitive to contamination from nonthermal sources since the flux of the S-Z decrement is stronger and nonthermal emission from point sources should be much weaker.
Abell 1704
Abell 1704 was observed with two configurations of the array for a combined total of 10 transits. The rms noise in an image made with no u, v taper was 100 Jy in a 33"7 ϫ 31"3 beam corresponding to a R-J brightness sensitivity of 140 K. No significant emission from point sources and no significant decrement was detected. To search only for point sources, we used a 2 k inner u, v cutoff to decrease the sensitivity to large-scale features. The resulting image had a 26"4 ϫ 24"3 beam and a rms of 130 Jy beam Ϫ1 . No point sources were detected. To improve the brightness sensitivity, we applied a Gaussian taper to the u, v data with a half-power radius of 1.7 k, resulting in a 63"4 ϫ 56"6 beam and a rms of 135 Jy beam Ϫ1 , corresponding to a R-J brightness sensitivity of 56 K. No significant decrement was found, indicating either that (1) the S-Z effect in Abell 1704 is smoothly extended on angular scales larger than those sampled by our observations or (2) the magnitude of the effect is below our sensitivity limit.
We can use the Abell 1704 data to check for systematic offsets introduced by our instrument, as well as offsets due to the sidelobe response of point sources outside our field of view. The 63"4 ϫ 56"6 resolution image is shown in Figure 4 (Plate L13); it has not been CLEANed. There is a small decrement at the center of the image, but it is not statistically significant. The mean pixel amplitude within the primary field of view is about Ϫ1 Jy, and within 20Ј of the field center we find that the largest negative and positive features are consistent with the noise at 3.6 and 3.0 , respectively. Therefore, any systematic bias in our maps is insignificant compared to the thermal noise.
CONCLUSIONS
We have imaged with high S/N the S-Z effect toward the clusters CL 0016ϩ16 and Abell 773 at 28.7 GHz. A null result is reported for Abell 1704. The results of fitting isothermal models for the cluster gas with core radii spanning 20Љ-100Љ to the visibility data suggest the central decrement ⌬T 0 lies within the range Ϫ700 to Ϫ820 K for CL 0016ϩ16 and Ϫ575 to Ϫ760 K for Abell 773, corresponding to Compton y-values of 1.3-1.5 ϫ 10 Ϫ4 and 1.1-1.4 ϫ 10 Ϫ4 , respectively. A comparison of the image of the S-Z effect toward CL 0016ϩ16 with a ROSAT image of the X-ray emission shows good correspondence; the positions agree within the uncertainties, and both images show resolved structure elongated at a position angle of 150Њ. Using the core radius and ellipticity derived from the X-ray data to constrain the model parameters resulted in a decrement for CL 0016ϩ16 of ⌬T 0 ϭ Ϫ717 H 65 K.
Measurements of the S-Z effect can lead to a determination of the Hubble constant and other cosmological parameters. However, a sensitive, unbiased imaging survey of galaxy clusters at both microwave and X-ray wavelengths will be necessary to achieve a reliable determination of these parameters.
The results presented here demonstrate the power of using the OVRO millimeter array equipped with centimeter receivers to obtain high S/N images of the S-Z effect toward distant clusters. With the goal of conducting a survey of clusters, we have made several improvements to increase the sensitivity and imaging speed of the instrument: a sixth receiver and additional telescope stations were built to make full use of the six-element array, the receiver noise temperatures have been improved by exploiting the newest developments in InP HEMT devices, and the correlation bandwidth has been expanded to 2 GHz by using the additional 1 GHz bandwidth analog correlator recently added to the array back end (the bandwidth of the receiver IF is 10 GHz). These improvements have resulted in over a factor of 3 improvement in the point-source sensitivity of the system, increasing the imaging speed by a factor of 19. (ApJ, 452, L95 [1995] ), a correction should be made on page L95. In accordance with the definition of compact, steep-spectrum sources in the third paragraph of the Introduction, the second sentence should state the condition ''Ͻ 15 kpc'' rather than ''Ͼ 15 kpc. '' In the Letter ''Facts and Artifacts in Interstellar Diamond Spectra'' by H. Mutschke, J. Dorschner, Th. Henning, C. Jäger, and U. Ott (ApJ, 454, L157 [1995] ), there exists a series of misprints: in all chemical formulae, single bonds have been replaced by double bonds. The only case in which the double bonds are correct is CAO.
In the Letter ''Interferometric Imaging of the Sunyaev-Zeldovich Effect at 30 GHz'' by John E. Carlstrom, Marshall Joy, and Laura Grego (ApJ, 456, L75 [1996] ), the printer included the wrong figures (Plates L10 -L14). The correct Figures 1-4 with captions are reproduced here as Plates L11-L14. 
